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Abstract
Background
Excess weight can increase absenteeism of workers and can have a negative influence on
their productivity. Current evidence on this association is mostly based on cross-sectional
data and there is little evidence concerning the longitudinal relationship between obesity,
and disability with workplace absenteeism. Further, gender differences in this association
have often ignored in the existing literature.
Objectives
This study aims to examine gender differences in the longitudinal association between obe-
sity, and disability with absenteeism in the workplace.
Methods
Data from thirteen waves (2006 to 2018) of the Household, Income and Labour Dynamics in
Australia (HILDA) survey were pooled, resulting in 117,769 observations for 19,851 adult
employees. The Zero-Inflated Negative Binomial (ZINB) regression model was deployed to
investigate the links between obesity, and disability with workplace absenteeism for the total
sample and stratified by gender.
Results
The findings showed that overweight (Incidence Rate Ratio [IRR]: 1.23, 95% confidence
interval [CI]: 1.02–1.47), obesity (IRR: 1.35, 95% CI: 1.12–1.64) and disability (IRR: 2.83,
95% CI: 2.36–3.38) were associated with prolonged workplace absenteeism irrespective of
gender. This study found that the multiplicative interaction between weight status and gen-
der is significantly associated with absenteeism. The results reveal that the rate of absen-
teeism was 2.79 times (IRR: 2.79, 95% CI: 1.96–3.97) and 1.73 times (IRR: 1.73, 95% CI:
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1.20–2.48) higher among overweight and obese women than male counterparts, respec-
tively. Moreover, this study found that the weight status of male workers is not associated
with absenteeism. However, disability (IRR: 3.14, 95% CI: 2.43–4.05) is positively associ-
ated with longer days of absence among male workers. Finally, the study results showed
that the rate of absenteeism is 1.82 (IRR: 1.82, 95% CI: 1.36–2.44), 1.61 (IRR: 1.61, 95%
CI: 1.21–2.13), and 2.63 (IRR: 2.63, 95% CI: 1.99–3.48) times higher among overweight,
obese, and female workers with a disability, respectively, compared with their lower weight
counterparts.
Conclusions
Workplace absenteeism is significantly associated with overweight and obesity among Aus-
tralian workers. An active workplace health promotion program is very important for weight
management of overweight and obese workers and thus to reduce workplace absenteeism.
For example, employers may provide incentives for maintaining recommended body
weights, encourage exercise, and promote healthy diets amongst their workers.
Introduction
Globally, the prevalence of obesity has almost tripled since 1975 [1]. Worldwide more than
650 million adults aged 18 years or over were obese in 2016 [1]. Studies conducted on US
workers provide evidence that obese employees were more likely to be absent from the work-
place compared to their healthy weight counterparts [2–4]. Moreover, a study in Ireland con-
cludes that obese employees were 72% more prone to be absent [5]. Further, a recent study in
the Netherlands revealed that obese workers took 14 days of extra leave per annum compared
to their lower weight counterparts [6]. Similar results have been found in a British study where
the authors claimed that obese workers were absent for four extra days per year [7]. However,
a study in Germany did not find evidence that overweight men took more sick leave days [8].
A few studies have also examined the longitudinal association between obesity and workplace
absenteeism [9–12]. A prospective study among middle-aged employees in Finland revealed
that stable obesity and weight gain in the follow-up period increased the risk of prolonged sick-
ness absence [12]. Two US-based longitudinal studies also provided evidence that obesity is
positively associated with absenteeism [10,11].
The prevalence of overweight and obesity among Australian adults is 63% and its rising
prevalence has become a serious public health concern [13]. The high health and financial bur-
den of overweight and obesity in Australia has been well documented [14]. Excess weight in
individuals is responsible for 7% of the total health burden in the country [14]. The direct
financial cost of obesity to the Australian economy was estimated to be AUD 3.8 billion in
2011–12 [15]. In addition to the direct costs, overweight and obesity have indirect costs in the
form of lost productivity (i.e. increased absenteeism and presenteeism). In 2011–12, the indi-
rect cost of obesity was estimated to be AUD 4.8 billion to the Australian economy [15].
Absenteeism in the Australian workplace has risen by 7% since 2010 [16]. Approximately
ninety-two million workdays are lost annually with the annual cost in the form of lost produc-
tivity is estimated to be AUD 33 billion [16]. This is up to 8% of the total payroll costs to Aus-
tralian companies [16]. The main reasons for employees’ absence are poor health and fitness
[17], illness (flu, headache, and gastro), family responsibilities, mental issues, and alcohol/
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drug-related issues [16]. Employees who are absent from the workplace due to personal illness
or injury include obese individuals who take longer leave periods compared with non-obese
individuals [18]. According to the National Health Survey (NHS), over 4 million workdays
were lost from Australian workplaces in 2001 due to obesity [18]. This evidence suggests that
there might be an association between weight status and absenteeism for the Australian work-
ing population.
A few studies that have attempted to identify the longitudinal relationship between obesity
and workplace absenteeism have mostly been based in the US or European countries. Evidence
on the relationship between obesity and disability with workplace absenteeism from the Aus-
tralian perspective is still lacking. Additionally, very few studies have investigated gender dif-
ferences in the longitudinal association between obesity, disability, and workplace
absenteeism. The present study fills this void in the literature by addressing the research ques-
tion: does gender difference exist in the longitudinal association between obesity and disability
with absenteeism in the workplace?
Excessive bodyweight of workers should be a major concern to businesses as there might be
a positive association between workplace absenteeism and obesity and thus the extra cost to
companies. The present study will offer evidence on the longitudinal links between obesity,
disability, and workplace absenteeism. The results of the study might be used by policymakers
and organizations for the development and implementation of workplace health promotion
programs to tackle excessive weight problems of the workers.
Materials and methods
Data source and sample selection
The present study used the individual person dataset from the Household, Income and Labour
Dynamics in Australia (HILDA) survey. This is a large-scale nationally representative panel
survey of Australian households that collects data on family, wealth, health, education, and
labor market dynamics [19]. This household panel survey is similar to the Panel Study of
Income Dynamics (PSID) in the US, the British Household Panel Survey (BHPS), and the Ger-
man Socio-Economic Panel (SOEP). The HILDA survey commenced in 2001 and since then
has been conducted annually following the University of Melbourne’s ethical guidelines. It col-
lects detailed information from household members aged 15 years and over using a combina-
tion of face-to-face interviews and telephone interviews by trained interviewers, and self-
completed questionnaires. There is a concern that responses collected through different modes
have a significant impact on data quality. However, preliminary findings suggest that there is
little systematic variation in responses by data collection modes [20].
This study utilized twelve recent waves (waves 6 to 18) from the HILDA dataset. The main
reason for choosing the most recent 13 waves of the survey (2006–2018) is that data on Body
Mass Index (BMI) are available only in these waves. The inclusion criteria of the present study
are participants aged 15–64 years and who are employed at each wave. Missing information on
the outcome variable of days absent from the workplace in the last 12 months were excluded
(n = 2368 observations). Further, pregnant female employees were excluded (n = 6364 obser-
vations) from the subsample analyses to avoid potential bias and ensuring the validity of the
study findings. After employing inclusion criteria and excluding missing data, the unbalanced
panel consists of 117,769 observations from 19,851 adult employees. Study participants were
generated from the dataset following the HILDA survey protocol. HILDA uses a multi-stage
sampling approach including sampling within households within a particular administrative
area. Detailed information about the sampling procedure and design have been described else-
where [19].
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The percentage of participants who were lost due to missing information on the outcome
variable and to pregnancy was 2.01% and 5.40%, respectively. The total percentage of loss to
follow-up in the present study is less than 10%. That is in the acceptable range for longitudinal
studies and thus leads to little bias.
Measures
Outcome variable. The main outcome variable of the study is days absent from work on
paid workers’ compensation in the last twelve months. It is a derived variable and was con-
structed using the variable work schedule to determine the number of days absent from the
workplace.
Gender differences. Work and health-related behaviors often differ by gender [21]. The
existing evidence reported mixed results when explaining the association between obesity and
absenteeism [7]. The inconsistent findings may be due to variables that moderate the relation-
ship. Previous studies identified the variable, gender, which moderates the association between
job-related factors and workplace absenteeism [22]. Attendance rate is an avenue by which
women differ from men at the workplace [23]. Keeping this in mind, the present study con-
ducts gender-specific analyses while examining the longitudinal association between obesity,
disability, and absenteeism. Moreover, this study will include a multiplicative interaction term,
BMI × gender, in the regression model to test whether the joint effect of BMI and gender is sig-
nificant in explaining workplace absenteeism.
Exposure variables. The main variables of interest in the present study are BMI and dis-
ability. BMI is calculated using self-reported height and weight following the formula weight
(in kilograms) divided by height (in meters squared). This study categorized BMI into four
groups following the World Health Organization (WHO) guidelines: <18.50 (underweight),
18.50–24.99 (normal/healthy weight), 25.00–29.99 (overweight), and�30.00 (obesity) [1]. The
obesity often further categorized into three groups: 30.00–34.99 (obese class I), 35.00–39.99
(obese class II), and�40.00 (obese class III). Underweight is not a topic of interest in the cur-
rent study. As a result, this study merged two BMI categories (underweight with healthy
weight) and form a new category, <25 BMI, following relevant studies conducted in Australia
and The Netherlands [24,25] to conduct the regression analysis.
The disability of an adult used in the HILDA survey was based on the guidelines of the
International Classification of Functioning, Disability, and Health (ICF) under the WHO
framework [26]. Participants were asked if they have any ‘disability, impairment, or disability
that restricts them in everyday activities, and has lasted or are likely to last, for 6 months or
more’ [27]. Responses were coded in binary form (yes or no). Participants who answered ‘yes’
were counted as an adult with a disability.
Other covariates. This study selected potential confounders following relevant published
studies on the risk factors of workplace absenteeism [3–12,25,28,29] and information available
in the HILDA datasets. Confounders were included in the fully adjusted model only if a con-
founder was found significant at 5% or less risk level at any level in the bivariate analyses.
This study includes age (15–25, 26–45, 46–60, and over 60 years) [2,4,7,9], gender (male
and female) [4,7,10], civil status (non-cohabitating and married/cohabitating) [9], and educa-
tion (year 12 or below, professional qualification, and university qualification) [2,4] as socio-
demographic characteristics.
The present study also included eleven measures of job-related characteristics that include
firm size (small, medium, and large) [30], employment contract (permanent, fixed-term and
casual) [30,31], tenure with the current employer (1–5 years, and 6 or more years) [30], hours
worked per week (<35, 35–40, and>40 hours a week) [32], work schedule (day and shift
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work) [30,32], job type (non-manual and manual) [4,32], supervisory responsibility (yes and
no), paid holiday leave (yes and no), paid sick leave (yes and no) [11,32], union membership
(yes and no) [30,31], and overall job satisfaction (dissatisfied, neutral, and satisfied)[32].
Confounding role of other comorbidities such as cancer, diabetes, heart disease, depression,
asthma, bronchitis, and arthritis in explaining workplace absenteeism could not be explored in
the present study. The principal reason for not exploring such roles is that these data were
available only in waves 9, 13, and 17 of the HILDA survey.
Estimation strategy. The authors constructed an unbalanced longitudinal data set con-
sisting of 117,769 observations by linking 19,851 individuals’ records who participated in
either any of the waves from 6 to 18 of the HILDA survey. Descriptive statistics in the form of
frequency (n) and percentages (%) with 95% confidence intervals (CI) or mean (SD) or
median (range) were used to describe absenteeism, weight status, disability, socio-demo-
graphic and job-related characteristics of the study participants.
To explore the factors associated with workplace absenteeism, the present study followed
the conceptual framework of Hafner et al. [33]. Accordingly, factors of workplace productivity
(absenteeism and presenteeism) are broadly categorized into three groups and can be
expressed as follows.
Yi ¼ f ðj; p; hÞ
In the function, Yi refers to workplace productivity (i.e. absenteeism), j refers to job-related
factors (i.e. work demands), p refers to personal factors (i.e. lifestyle factors), and h refers to
health and physical factors (i.e. long-term health conditions).
To find out the longitudinal association between exposure and outcome variables, the pres-
ent study followed the forward addition approach for building models. In this approach, the
multivariate model starts with the basic model where BMI is the exposure, and absenteeism is
the outcome variable. Confounders and interaction terms were added one at a time based on
their level of significance. The process continued until all significant confounders and interac-
tion term was included in the model.
The outcome variable, workplace absenteeism, is a count variable where all the values are
non-negative integer numbers including zero. The negative binomial model is appropriate to
estimate the association between exposures and the outcome variable when the outcome vari-
able is a count variable and overdispersed [34]. In the present study, the number of zeros in
the outcome variable is excessive. Among these zeros, there are two kinds of zero values. First,
there are some certain zeros because employees may not be absent in the workplace due to
work restrictions. Second, there might exist zeros for employees who were not absent in the
workplace but could be absent due to sickness or other conditions. Hence, the number of
zeros might be inflated in the outcome variable due to certain zeroes. The standard negative
binomial regression model cannot differentiate between these two processes when they arrive
at a zero value in the outcome variable [35]. However, the Zero-Inflated Negative Binomial
(ZINB) model can handle these two distinct data generation processes [35]. The ZINB model
fits a logistic regression model to predict the excess zeros in the dependent variable (absentee-
ism) and then fits the negative binomial regression model to get a count of the number of days
absent for non-excess zeros [36]. Given this, the current study followed standard practice and
employed the ZINB regression model to estimate the longitudinal association between obesity,
disability, and workplace absenteeism. The study results are demonstrated in the form of the
incidence rate ratio (IRR) for each variable. Stata 14 windows version was used for all statistical
analyses. This study set a p-value at<0.05 level for statistical significance.
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Ethics approval. This study requires no ethics approval for the authors as the analysis
used only de-identified existing unit record data from the Household, Income and Labour
Dynamics in Australia (HILDA) Survey. However, the authors had completed and signed the
Confidentiality Deed Poll and sent it to NCLD (ncldresearch@dss.gov.au) and ADA
(ada@anu.edu.au) before the data applications’ approval. Therefore, datasets analyzed and/or
generated during the current study are subject to the signed confidentiality deed.
Results
Descriptive characteristics of the study sample
Table 1 shows the pooled characteristics of the employees in terms of overweight, obesity, dis-
ability, absenteeism, socio-demographic characteristics, and job-related characteristics.
Among the study participants, around 52% were either normal weight or underweight (<25
BMI), 29% were overweight, and 19% were obese. An estimated 16% of Australian workers
have a disability. The average number of absent days per annum of workers is 0.7, although the
standard deviation (8.8) is very high. A higher value of the standard deviation over mean indi-
cates the absent days variable is overdispersed with excessive zeros. Additionally, Table 1
reports that median absent days of the employees is 0.00 and ranges from 0 to 352 days.
Fig 1 demonstrates that average absenteeism is significantly higher among overweight and
obese employees compared with lower weight employees. Fig 1 illustrates that the average
number of missed days is highest among the morbidly obese (obese class III) workers (1.79),
followed by workers belong to obese class II (1.23 days).
Factors associated with workplace absenteeism
Estimates of the longitudinal association between obesity, and disability with absenteeism after
controlling for socio-demographic and job-related characteristics are presented in Table 2.
The results showed a set of significant links between overweight, obesity, and disability with
absenteeism in the adjusted model (model 1). The results showed that overweight, obesity, and
disability have a longitudinal association with absenteeism. The findings indicate that the rate
of workplace absenteeism in overweight and obese workers were 1.23 (IRR: 1.23, 95% CI:
1.02–1.47) and 1.35 (IRR: 1.35, 95% CI: 1.12–1.64) times higher compared with their lower
weight counterparts, respectively. Model 1 also reveals that the rate of days absent from the
workplace among workers with a disability was 2.83 times (IRR: 2.83, 95% CI: 2.36–3.38)
higher compared with workers without a disability. Model 2 reports a significant association
between the interaction of BMI and gender with prolonged absenteeism. The results showed
that the rate of absenteeism was 2.79 times (IRR: 2.79, 95% CI: 1.96–3.97) and 1.73 times (IRR:
1.73, 95% CI: 1.20–2.48) higher among overweight and obese women employees than their
male counterparts, respectively.
The present study also explored the relationship between obesity, disability, with absentee-
ism by gender. Model 3 and Model 4 report the results obtained from multivariate models for
male and female workers, respectively. The adjusted model (model 3) showed that male work-
ers’ weight status is not associated with workplace absenteeism. However, the study findings
suggest that the rate of absenteeism in male workers with a disability is 3.14 times (IRR: 3.14,
95% CI: 2.43–4.05) higher compared with lower weight counterparts. Model 4 shows that
there is a longitudinal association between female workers’ weight status, disability with absen-
teeism. After adjusting confounders, model 4 also reveals that the rate of absenteeism among
overweight and obese women workers were 1.82 (IRR: 1.82, 95% CI: 1.36–2.44) and 1.61 (IRR:
1.61, 95% CI: 1.21–2.13) times higher compared with lower weight peers, respectively. The
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Table 1. Background characteristics of the study participants.
Variables N % (95% CI)
Outcome Variable: Days absent in the past 12
months (mean [SD])
117,769 0.7 (8.8) 32.9 (50.9) without counting 0 days
(median = 0.0; min = 0, max = 352)
Explanatory variables
Health-related characteristics
BMI
BMI (<25) 61,102 51.9 (51.6–52.2)
Overweight (25.00–29.99) 34,532 29.3 (29.1–29.6)
Obesity (�30.00) 22,135 18.8 (18.6–19.1)
Obese class I (30.00–34.99) 14,749 12.5 (12.3–12.7)
Obese class II (35.00–39.99) 5,052 4.3 (4.2–4.4)
Obese class III (�40.00) 2,334 2.0 (1.9–2.1)
Disability
No 98,477 83.6 (83.4–83.8)
Yes 19,292 16.4 (16.2–16.6)
Socio-demographic characteristics
Age
15–25 years 25,960 22.1 (21.8–22.3)
26–45 years 49,867 42.3 (42.1–42.6)
46–60 years 37,011 31.4 (31.2–31.7)
>60 years 4,931 4.2 (4.1–4.3)
Gender
Male 60,204 51.1 (50.8–51.4)
Female 57,565 48.9 (48.6–49.2)
Civil status
Non-Cohabitating 46,884 39.8 (39.5–40.0)
Married/Cohabitating 70,885 60.2 (59.9–60.5)
Education
Year 12 or below 44,421 37.7 (37.4–38.0)
Professional qualification 39,369 33.4 (33.2–33.7)
University qualification 33,979 28.9 (28.6–29.1)
Job-related characteristics
Farm size
Small (1–19 employees) 51,704 43.9 (43.6–44.2)
Medium (20–99 employees) 32,314 27.4 (27.2–27.7)
Large (�100 employees) 33,751 28.7 (28.4–28.9)
Employment contract
Permanent 78,442 66.6 (66.3–66.9)
Fixed-term 11,600 9.9 (9.7–10.0)
Casual 27,727 23.5 (23.3–23.8)
Tenure-current employer
1–5 years 65,326 55.5 (55.2–55.8)
6 or more years 52,443 44.5 (44.2–44.8)
Hours worked per week
<35 hours/week 37,836 32.1 (31.9–32.4)
35–40 hours/week 42,432 36.1 (35.8–36.3)
>40 hours/week 37,501 31.8 (31.6–32.1)
Work schedule
(Continued)
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present study also showed that the rate of absenteeism among women with disabilities is 2.63
times (IRR: 2.63, 95% CI: 1.99–3.48) higher than women without a disability.
Discussion
The purpose of the present study is to assess the longitudinal association between obesity, and
disability with workplace absenteeism in Australian workers, and to test for gender differences
in such associations. This study pooled 13 waves of data from the nationally representative
sample of the HILDA survey. Controlling for socio-demographic and job-related characteris-
tics, ZINB regression analysis showed that overweight and obesity are associated with pro-
longed absenteeism for the entire sample. Some observational studies also confirm that obese
workers tend to have a higher number of work absences [2,4–7,28,29]. In addition to cross-sec-
tional study findings in the literature, a recent study has also confirmed a longitudinal associa-
tion between obesity and workplace absenteeism [11]. It was already well documented that
obesity is a major risk factor for many chronic diseases [1]. Obese workers missed more days
of work due to personal illness or injury compared with non-obese workers [18]. Further, the
present study revealed that having a disability is significantly associated with prolonged absen-
teeism irrespective of gender. This finding is in line with a study from the Netherlands where
the authors found that long-term health condition like distress is positively associated with
long-term sickness absence [25]. The association between disability and higher absenteeism
might be explained by the fact that comorbidities lead to a higher number of absent days
[6,25].
Table 1. (Continued)
Variables N % (95% CI)
Day work 88,769 75.4 (75.1–75.6)
Shift work 29,000 24.6 (24.4–24.9)
Job type
Non-manual 59,582 50.6 (50.3–50.9)
Manual 58,187 49.4 (49.1–49.7)
Supervisory responsibilities
Yes 53,490 45.4 (45.1–45.7)
No 64,279 54.6 (54.3–54.9)
Paid holiday leave
Yes 85,447 72.5 (72.3–72.8)
No 32,322 27.5 (27.2–27.7)
Paid sick leave
Yes 85,709 72.8 (72.5–73.0)
No 32,060 27.2 (27.0–27.5)
Union membership
Yes 26,967 22.9 (22.7–23.1)
No 90,802 77.1 (76.9–77.3)
Overall job satisfaction
Dissatisfied 3,006 2.6 (2.5–2.7)
Neutral 17,649 15.0 (14.8–15.2)
Satisfied 97,114 82.4 (82.2–82.7)
Abbreviations: SD Standard Deviation; CI Confidence Interval
https://doi.org/10.1371/journal.pone.0233512.t001
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The present study also found a significant multiplicative interaction of BMI and gender in
explaining workplace absenteeism. The study results revealed that the rate of absenteeism is
higher among overweight and obese women than male counterparts. Additionally, the present
study checks the longitudinal association between BMI and prolonged absenteeism separately
for male and female workers. The current study results showed that there is no longitudinal
association between overweight, obesity, and a high rate of absenteeism among male workers.
However, the results found that overweight, obesity, and absenteeism are positively associated
in the long-run among female workers. An existing longitudinal study supports the present
study findings as it found obesity was associated with extra sick leave days and long-term
workplace absenteeism in female but not in male workers [9]. An important cause of this gen-
der difference in workplace absenteeism may be the menstrual cycle [37]. Further, the gender
difference in absenteeism could be attributed to women’s double burden of wage work and
unpaid household chores [38]. Another possible explanation is that women typically perform
more monotonous and stressful jobs [38].
Knowledge of the longitudinal association between obesity and absenteeism is important to
companies and policymakers to take measures to reduce the rate of absenteeism in the work-
place [9]. From the viewpoint of public policy, the results of this longitudinal study will help
policymakers to have a more comprehensive understanding of absenteeism in the workplace
due to excessive weight. The results suggest that organizations should focus on an integrated
lifestyle approach for weight management of their workers by using multiple intervention
strategies. Organizations should create a supportive environment by enabling physical infra-
structure and workplace culture to encourage a healthy lifestyle. For example, companies may
offer healthy catering services, establish gym and activity centers for physical activity, establish
on-site bicycle storage, and provide walking maps and routes. The effectiveness of workplace-
targeted interventions is currently unclear. However, there is evidence that the absenteeism
rate is low among workers who perform physical activities regularly [39,40].
Fig 1. Average number of missed days according to weight status.
https://doi.org/10.1371/journal.pone.0233512.g001
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Table 2. ZINB regression results for factors associated with workplace absenteeisma.
Variables Model 1 (total sample) IRR
(95% CI)b
Model 2 (total sample) IRR
(95% CI)c
Model 3 (only male) IRR
(95% CI)d
Model 4 (only female) IRR
(95% CI)e
BMI
BMI (<25) (ref)
Overweight (25.00–29.99) 1.23 (1.02–1.47) 0.96 (0.76–1.22) 1.82 (1.36–2.44)
Obesity (�30.00) 1.35 (1.12–1.64) 1.26 (0.96–1.65) 1.61 (1.21–2.13)
Disability
No (ref)
Yes 2.83 (2.36–3.38) 2.89 (2.42–3.46) 3.14 (2.43–4.05) 2.63 (1.99–3.48)
Gender
Male (ref)
Female 0.97 (0.81–1.16)
Interaction terms (BMI × Gender)
Male × BMI (<25) (ref)
Overweight × female 2.79 (1.96–3.97)
Obesity × female 1.73 (1.20–2.48)
Socio-demographic characteristics
Age
15–25 years (ref)
26–45 years 1.47 (1.19–1.83) 1.52 (1.23–1.88) 1.11 (0.82–1.49) 2.06 (1.47–2.88)
46–60 years 1.81 (1.43–2.29) 1.93 (1.53–2.44) 1.47 (1.06–2.04) 2.56 (1.77–3.69)
>60 years 1.67 (1.09–2.56) 1.70 (1.11–2.61) 0.78 (0.42–1.44) 2.79 (1.43–5.42)
Civil status
Non-Cohabitating (ref)
Married/Cohabitating 0.90 (0.77–1.05) 0.94 (0.80–1.09) 1.03 (0.83–1.29) 1.00 (0.79–1.26)
Education
Year 12 or below 1.75 (1.38–2.22) 1.76 (1.39–2.22) 3.64 (2.60–5.11) 0.96 (0.71–1.31)
Professional qualification 1.92 (1.51–2.43) 1.93 (1.52–2.44) 3.50 (2.50–4.91) 0.89 (0.67–1.19)
University qualification (ref)
Job-related characteristics
Farm size
Small (1–19 employees) 1.09 (0.90–1.31) 1.07 (0.89–1.30) 1.10 (0.85–1.43) 0.96 (0.71–1.31)
Medium (20–99 employees) 1.00 (0.83–1.21) 0.97 (0.81–1.18) 1.00 (0.77–1.30) 0.89 (0.66–1.19)
Large (�100 employees) (ref)
Employment contract
Permanent (ref)
Fixed-term 0.88 (0.68–1.14) 0.85 (0.66–1.10) 0.93 (0.65–1.33) 0.77 (0.52–1.15)
Casual 0.84 (0.58–1.22) 0.78 (0.54–1.12) 0.73 (0.46–1.17) 1.38 (0.70–2.75)
Tenure-current employer
1–5 years (ref)
6 or more years 0.86 (0.73–1.01) 0.82 (0.69–0.96) 0.76 (0.61–0.96) 0.91 (0.71–1.18)
Hours worked per week
<35 hours/week 0.80 (0.66–0.99) 0.79 (0.65–0.97) 0.72 (0.52–0.99) 0.81 (0.61–1.07)
35–40 hours/week (ref)
>40 hours/week 0.99 (0.83–1.18) 0.98 (0.82–1.16) 0.95 (0.77–1.17) 0.85 (0.60–1.19)
Work schedule
Day work (ref)
Shift work 1.18 (0.99–1.40) 1.21 (1.02–1.43) 1.51 (1.19–1.91) 1.20 (0.91–1.57)
Job type
(Continued)
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The study contributes to the existing literature in several ways. First, to the best of the
author’s knowledge, this is the first study on the longitudinal association between obesity, dis-
ability, and absenteeism from the Australian context. Second, the present study pooled a
nationally representative longitudinal sample of 117,769 observations for 19,851 workers
where participants were observed for 13 years to offer precise estimates on the association.
Third, the study incorporated a large number of job-related characteristics as confounders
including less investigated factors (work schedule, job type, paid, and sick leave arrangement)
which are associated with absenteeism. Fourth, this is the first study that examines the effect of
the interactions between BMI and gender on absenteeism.
Conclusions
This study aimed to examine the gender differences in the longitudinal association between
obesity, and disability with absenteeism. Using the ZINB regression technique, the present
study found evidence of significant association and compared the results with existing evi-
dence. The study found that workplace absenteeism is higher among overweight, obese, and
workers with a disability compared with their counterparts. The results also revealed that
interactions of BMI and gender are associated with prolonged absenteeism. This study found
evidence that the rate of absenteeism is higher among overweight and obese women than male
counterparts. However, the study results did not find evidence of a longitudinal association
between overweight, and obesity with a high rate of absenteeism among male workers. The
Table 2. (Continued)
Variables Model 1 (total sample) IRR
(95% CI)b
Model 2 (total sample) IRR
(95% CI)c
Model 3 (only male) IRR
(95% CI)d
Model 4 (only female) IRR
(95% CI)e
Non-manual (ref)
Manual 2.00 (1.63–2.48) 2.03 (1.66–2.50) 2.55 (1.94–3.35) 1.61 (1.17–2.21)
Supervisory responsibilities
Yes (ref)
No 0.93 (0.80–1.08) 0.93 (0.81–1.08) 0.97 (0.79–1.19) 0.85 (0.68–1.08)
Paid holiday leave
Yes (ref)
No 0.96 (0.43–2.15) 1.10 (0.49–2.45) 1.21 (0.46–3.17) 0.59 (0.18–1.98)
Paid sick leave
Yes (ref)
No 0.87 (0.38–1.99) 0.79 (0.34–1.81) 0.66 (0.24–1.83) 1.01 (0.29–3.58)
Union membership
Yes (ref)
No 0.53 (0.43–0.66) 0.55 (0.43–0.66) 0.60 (0.46–0.78) 0.51 (0.36–0.72)
Overall job satisfaction
Dissatisfied 1.57 (1.07–2.31) 1.54 (1.06–2.25) 1.60 (0.93–2.75) 1.46 (0.83–2.54)
Neutral 1.15 (0.95–1.41) 1.21 (0.99–1.48) 0.78 (0.60–1.02) 1.70 (1.25–2.33)
Satisfied (ref)
Abbreviations: BMI Body Mass Index; CI Confidence Interval; IRR Incidence Rate Ratio; Ref Reference
aValues in bold are statistically significant at p<0.05
bEstimates of obesity and disability after adjusting socio-demographic and job-related characteristics using the total sample (model 1)
cEstimates of the interaction of BMI and gender using the total sample (model 2).
dEstimtes of obesity and disability after adjusting socio-demographic and job-related characteristics using male samples only (model 3).
eEstimtes of obesity and disability after adjusting socio-demographic and job-related characteristics using female samples only (model 4).
https://doi.org/10.1371/journal.pone.0233512.t002
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findings are important evidence in the consideration of workplace health promotion policies.
Implementation of workplace health promotion programs to treat workers excess weight
might be an effective tool to lower the rate of absenteeism.
The present study has some limitations. First, the unbalanced longitudinal design of the
study draws longitudinal associations but it is not possible to discern the causal effect of obe-
sity, and disability on workplace absenteeism. Second, the study findings might be vulnerable
to bias, as data on BMI, disability, and absenteeism are self-reported. Self-reported bias is high
among overweight and obese adults, as they tend to overestimate their height and underesti-
mate their weight [41,42]. Similarly, there might be justification bias in case of self-reported
disability as individuals tended to over-report their disability level as a result of the financial
benefits attached to that classification [43]. The authors call for a well-designed cohort study
that can draw causal inferences on the association between obesity, disability, and
absenteeism.
Acknowledgments
The authors would like to thank the Melbourne Institute of Applied Economic and Social
Research for providing the HILDA data set.
Author Contributions
Conceptualization: Syed Afroz Keramat.
Data curation: Syed Afroz Keramat.
Formal analysis: Syed Afroz Keramat.
Methodology: Syed Afroz Keramat.
Software: Syed Afroz Keramat.
Supervision: Khorshed Alam, Jeff Gow, Stuart J. H. Biddle.
Writing – original draft: Syed Afroz Keramat, Stuart J. H. Biddle.
Writing – review & editing: Khorshed Alam, Jeff Gow.
References
1. World Health Organization (WHO). Obesity and overweight [Internet]. 2018 [cited 7 May 2019]. Avail-
able: https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
2. Poston WSC, Jitnarin N, Haddock CK, Jahnke SA, Tuley BC. Obesity and injury-related absenteeism in
a population-based firefighter cohort. Obesity. 2011; 19: 2076–2081. https://doi.org/10.1038/oby.2011.
147 PMID: 21633400
3. Tucker LA, Friedman GM. Obesity and absenteeism: An epidemiologic study of 10,825 employed
adults. Am J Heal Promot. 1998; 12: 202–207. https://doi.org/10.4278/0890-1171-12.3.202 PMID:
10176095
4. Frone MR. Obesity and absenteeism among U.S. workers: Do physical health and mental health
explain the relation? J Workplace Behav Health. 2007; 22: 65–79. https://doi.org/10.1080/
15555240802157403
5. Fitzgerald S, Kirby A, Murphy A, Geaney F. Obesity, diet quality and absenteeism in a working popula-
tion. Public Health Nutr. 2016; 19: 3287–3295. https://doi.org/10.1017/S1368980016001269 PMID:
27230727
6. Jans MP, Van Den Heuvel SG, Hildebrandt VH, Bongers PM. Overweight and obesity as predictors of
absenteeism in the working population of the Netherlands. J Occup Environ Med. 2007; 49: 975–980.
https://doi.org/10.1097/JOM.0b013e31814b2eb7 PMID: 17848853
PLOS ONE Longitudinal association between obesity, and disability with workplace absenteeism
PLOS ONE | https://doi.org/10.1371/journal.pone.0233512 May 27, 2020 12 / 14
7. Harvey SB, Glozier N, Carlton O, Mykletun A, Henderson M, Hotopf M, et al. Obesity and sickness
absence: Results from the CHAP study. Occup Med (Chic Ill). 2010; 60: 362–368. https://doi.org/10.
1093/occmed/kqq031 PMID: 20308262
8. Lehnert T, Stuhldreher N, Streltchenia P, Riedel-Heller SG, Ko¨nig HH. Sick leave days and costs asso-
ciated with overweight and obesity in germany. J Occup Environ Med. 2014; 56: 20–27. https://doi.org/
10.1097/JOM.0000000000000065 PMID: 24351899
9. Reber KC, Ko¨nig HH, Hajek A. Obesity and sickness absence: Results from a longitudinal nationally
representative sample from Germany. BMJ Open. 2018; 8: 1–8. https://doi.org/10.1136/bmjopen-
2017-019839 PMID: 29880564
10. Vanwormer JJ, Linde JA, Harnack LJ, Stovitz SD, Jeffery RW. Weight change and workplace absentee-
ism in the healthworks study. Obes Facts. 2012; 5: 745–752. https://doi.org/10.1159/000345119 PMID:
23108493
11. Howard JT, Potter LB. An assessment of the relationships between overweight, obesity, related chronic
health conditions and worker absenteeism. Obes Res Clin Pract. 2014; 8: e1–e15. https://doi.org/10.
1016/j.orcp.2012.09.002 PMID: 24548572
12. Roos E, Laaksonen M, Rahkonen O, Lahelma E, Lallukka T. Weight change and sickness absence—A
prospective study among middle-aged employees. Eur J Public Health. 2015; 25: 263–267. https://doi.
org/10.1093/eurpub/cku087 PMID: 24997201
13. Australian Institue of Health and Welfare. A picture of overweight and obesity in Australia 2017 [Inter-
net]. Cat. no. PHE 216. Canberra: AIHW; 2017. Available: https://www.aihw.gov.au/reports/
overweight-obesity/a-picture-of-overweight-and-obesity-in-australia/contents/table-of-contents
14. Australian Institue of Health and Welfare. Impact of overweight and obesity as a risk factor for chronic
conditions: Australian burden of disease Study. Australian Burden of Disease Study series no. 11. Cat.
no. BOD 12. Canberra: AIHW; 2017.
15. PwC Australia. Weighing the cost of obesity: a case for action. Australia: PwC Australia; 2015.
16. Direct Health Solutions. Absence management & wellbeing survey report. NSW: DHS; 2016.
17. Wee LH, Yeap LLL, Chan CMH, Wong JE, Jamil NA, Swarna Nantha Y, et al. Anteceding factors pre-
dicting absenteeism and presenteeism in urban area in Malaysia. BMC Public Health. 2019; 19: 1–12.
https://doi.org/10.1186/s12889-018-6343-3
18. Australian Institue of Health and Welfare. Obesity and workplace absenteeism among older Australians.
Cat. No. AUS 67. Canberra: AIHW; 2005.
19. Freidin S., Watson N. and Wooden M. Household, Income and Labour Dynamics in Australia (HILDA)
Survey: Wave 1. Melbourne; 2002.
20. Watson N, Wooden M. Mixed and multiple collection modes: The HILDA survey experience. paper pre-
sented to XXV International methodology symposium-longitudinal surveys: from design to analysis. Sta-
tistics Canada, Ottawa-Gatineau, 27–30 October.
21. Gustafsson Sende´n M, Schenck-Gustafsson K, Fridner A. Gender differences in Reasons for Sickness
Presenteeism—a study among GPs in a Swedish health care organization. Ann Occup Environ Med.
2016; 28: 50. https://doi.org/10.1186/s40557-016-0136-x PMID: 27660717
22. Scott KD, Mabes DA. The job satisfaclion/absenteeism relationship: Gender as a moderating variable.
Akron Bus Econ Rev. 1984; 15: 43–47.
23. Scott KD, McClellan EL. Gender differences in absenteeism. Public Pers Manage. 1990; 19: 229–254.
https://doi.org/10.1177/009102609001900210
24. Au N, Hollingsworth B. Employment patterns and changes in body weight among young women. Prev
Med (Baltim). 2011; 52: 310–316. https://doi.org/10.1016/j.ypmed.2011.03.006 PMID: 21397631
25. Nigatu YT, Roelen CAM, Reijneveld SA, Bu¨ltmann U. Overweight and distress have a joint association
with long-term sickness absence among Dutch employees. J Occup Environ Med. 2015; 57: 52–57.
https://doi.org/10.1097/JOM.0000000000000273 PMID: 25563539
26. LaMontagne AD, Krnjacki L, Milner A, Butterworth P, Kavanagh A. Psychosocial job quality in a national
sample of working Australians: A comparison of persons working with versus without disability. SSM—
Popul Heal. 2016; 2: 175–181. https://doi.org/10.1016/j.ssmph.2016.03.001 PMID: 29349138
27. Melbourne Institute of Applied Economic and Social Research. Household, Income and Labour Dynam-
ics in Australia (HILDA) Survey: Wave 17 Restricted Release Marked Up Questionnaires. Melbourne,
Australia; 2018.
28. Ferrie JE, Head J, Shipley MJ, Vahtera J, Marmot MG, Kivima¨ki M. BMI, obesity, and sickness absence
in the whitehall II study. Obesity. 2007; 15: 1554–1564. https://doi.org/10.1038/oby.2007.184 PMID:
17557993
PLOS ONE Longitudinal association between obesity, and disability with workplace absenteeism
PLOS ONE | https://doi.org/10.1371/journal.pone.0233512 May 27, 2020 13 / 14
29. Janssens H, Clays E, Kittel F, De Bacquer D, Casini A, Braeckman L. The association between body
mass index class, sickness absence, and presenteeism. J Occup Environ Med. 2012; 54: 604–609.
https://doi.org/10.1097/JOM.0b013e31824b2133 PMID: 22476112
30. Bubonya M, Cobb-Clark DA, Wooden M. Mental health and productivity at work: Does what you do mat-
ter? Labour Econ. 2017; 46: 150–165. https://doi.org/10.1016/j.labeco.2017.05.001
31. Asay GRB, Roy K, Lang JE, Payne RL, Howard DH. Absenteeism and employer costs associated with
chronic diseases and health risk factors in the US workforce. Prev Chronic Dis. 2016; 13: 1–11. https://
doi.org/10.5888/pcd13.150503 PMID: 27710764
32. Magee CA, Caputi P, Lee JK. Distinct longitudinal patterns of absenteeism and their antecedents in full-
time australian employees. J Occup Health Psychol. 2016; 21: 24–36. https://doi.org/10.1037/
a0039138 PMID: 25938167
33. Hafner, Marco, Christian Van Stolk, Catherine Saunders, Joachim Krapels and BB. Health, wellbeing
and productivity in the workplace. RAND EUROPE; 2015.
34. Trindade DDB, Ospina R, Amorim LD. Choosing the right strategy to model longitudinal count data in
epidemiology: An application with CD4 cell counts. Epidemiol Biostat Public Heal. 2015; 12: 1–11.
https://doi.org/10.2427/11520
35. UCLA. Zero-inflated negative binomial regression [Internet]. 2019 [cited 4 Oct 2019]. Available: https://
stats.idre.ucla.edu/stata/output/zero-inflated-negative-binomial-regression/
36. UCLA. zero-inflated negative binomial regression. [Internet]. 2019 [cited 5 Oct 2019]. Available: https://
stats.idre.ucla.edu/r/dae/zinb/
37. Ichino A, Moretti E. Biological gender differences, absenteeism, and the earnings gap. Am Econ J Appl
Econ. 2009; 1: 183–218. https://doi.org/10.1257/app.1.1.183
38. Karlsson T. Gender differences in absence from work: Lessons from two world wars. Work Pap. 2016.
39. van den Heuvel SG, Boshuizen HC, Hildebrandt VH, Blatter BM, Arie¨ns GA, Bongers PM. Effect of
sporting activity on absenteeism in a working population. Br J Sports Med. 2005; 39: 5–9. https://doi.
org/10.1136/bjsm.2004.013052 PMID: 15728683
40. van Amelsvoort LGPM, Spigt MG, Swaen GMH, Kant Ij. Leisure time physical activity and sickness
absenteeism; a prospective study. Occup Med (Chic Ill). 2006; 56: 210–212. https://doi.org/10.1093/
occmed/kqj026 PMID: 16641504
41. Maukonen M, Ma¨nnisto¨ S, Tolonen H. A comparison of measured versus self-reported anthropometrics
for assessing obesity in adults: a literature review. Scand J Public Health. 2018; 46: 565–579. https://
doi.org/10.1177/1403494818761971 PMID: 29528773
42. Gorber SC, Tremblay M, Moher D, Gorber B. A comparison of direct vs. self-report measures for
assessing height, weight and body mass index: A systematic review. Obes Rev. 2007; 8: 307–326.
https://doi.org/10.1111/j.1467-789X.2007.00347.x PMID: 17578381
43. Black N, Johnston DW, Suziedelyte A. Justification bias in self-reported disability: New evidence from
panel data. J Health Econ. 2017; 54: 124–134. https://doi.org/10.1016/j.jhealeco.2017.05.001 PMID:
28558294
PLOS ONE Longitudinal association between obesity, and disability with workplace absenteeism
PLOS ONE | https://doi.org/10.1371/journal.pone.0233512 May 27, 2020 14 / 14
